hydrothermal treatments [1] [2] [3] . Tobermorite, Ca 5 Si 6 O 16 (OH) 2 ·4H 2 O has many industrial applications include; non-asbestos heat insulations 4, 5 , adsorbents for organic or inorganic effluents 6 , radioactive waste stabilization and cation exchangers [7] [8] [9] [10] . Tobermorite, generally occurs in two varieties; normal and anomalous. The difference between the normal and anomalous types arises from the difference between their thermal behaviors 11 . Both varieties lose interlayer water upon heating to 300 °C, but the lattice of normal type shrinks from 11.3 to 9.5 nm. The anomalous variety does not shrink. Both types of tobermorite consist of layers of Ca-O bonded to chains of silica tetrahedra running along the b axis 12 .
In anomalous tobermorite, the bridging tetrahedra in one chain are bonded to those in the chain across the interlayer region 13, 14 . The limiting composition for normal tobermorite is about Ca 5 Si 6 O 16 (OH) 2 ·4H 2 O (Ca/Si = 0.91) 15 .
Many researchers [16] [17] [18] [19] have investigated the conversion of industrial by-products to zeolite. Fly ashs that contain high amount of amorphous phases are the most extensively studied waste for zeolite synthesis. Variety of zeolite types include zeolite A 20 , phillipsite and faujasite and GIS-type zeolites 16, 19 have been synthesis from flay ashs. However, until now, producing of pure well crystalline zeolite from the wastes was still a challenging task. The structure of the silica source has dominante effect on zeolitzation process 21 . Many researchers prepared zeolite P from natural silica sources [22] [23] [24] or by-products such as fly ash 20, 25, 26 . The small pore size of zeolite P makes it suitable for subtraction of toxic and radioactive ion 27 ]. Zeolite P exhibits a higher capacity for adsorbing Ca 2+ and Mg 2+ , thus it used also as of a detergent additive.
In this paper, we report the synthesis and characterization of zeolite P from calcium silicate hydrate phase as precursor. This synthesis route is simple and gives high yield of zeolite P. Furthermore, the productd zeolites have high purity with controlled Al/Si ration.
MATERIALS AND METHODS

Calcium silicate prepration
CaO was prepared by heating pure grade calcium carbonate at 1100 °C for 3 h. Min-U-Sil silica is used as silica source (10 µm). All other chemicals are analytical grade. For the preparation of tobermorite, calcium oxide (CaO) and silica, were used as starting materials. The starting materials with batch compositions of Ca/Si = 0.83 were added to boiled deionized water, quickly loaded into the autoclave. Teflon-lined steel autoclave 350 cm 3 capacity equipped with magnetic stirrer and heat controller, was used in the preparation. The hydrothermal syntheses were done using a water/ solid ratio of 10 at 175 °C for the curing times of 24 h. After the hydrothermal treatment, the samples were separated by filtration, washed repeatedly with deionized water, and then dried at 105 °C for 24 h.
Zeolite P synthesis
Sodium meta-aluminate was prepared using 15 g of NaOH powder, 15 g of Al(OH) 3 powder, and 20 ml of deionized water mixed in a glass beaker at 100 °C for 1 h. A proper amount of deionized water was added to dilute the above sodium meta-aluminate solution to 100 ml. one gram of tobermorite and 100 ml of 3.0 M NaOH solution were first mixed in a 250-mL polyethene bottle, and the bottle was placed in a water bath at 95 °C. Sodium meta-aluminte solution was added dropwise to the bottle with continuous stirring. After reaction for 72 h and subsequent filtering, washing with deionized water, and drying at 100 °C, the product zeolite P was obtained. The solid product was washed thoroughly with 10% sugar solution then with distilled water, dried in air at 100 °C for 12 h. The crystal structure and purity of the obtained products were analyzed by using XRD, whereas textural structures were examined by using Scanning Electron Microscope (SEM: JEOL, with Au-coated, operated at 15 keV).
Cations exchange capacities (CEC)
The cation-exchange capacity (CEC) of the produced zeolite P and tobermorite were characterized and compared to that of the commercial grade zeolite P. Cation exchange capacities, CEC (meq/100 g) for synthesized samples were measured by using method as described by Komarneni and Roy 30, 31 . Procedures were conducted in triplicate for each sample. Approximately 50mg of accurately weighed sample were equilibrated with 1.0 M KCl solution to saturate the exchange sites with K + ions. The samples received three further washings with 0.01 KCl solution to remove the excess of KCl and to prevent hydrolysis before being centrifuged. The samples were then equilibrated with four consecutive washings with 1M CsCl solution to displace the K + ions from the exchange sites. The four 1M CsCl solution washings were combined and analysed for K + using inductively coupled plasma atomic emission spectrometer (ICP-OES) model PerkinElmer Optima 2100DV. The CEC was estimated from the ratio of the amount of displaced K + ions to the original sample mass.
Characterization
X-ray diffraction patterns (XRD) were obtained using Bruker diffractometer D8-advance with Cu-K  radiation and Ni filter. The operating voltage and current were 35 kV and 35 mA, respectively. The samples morphology was investigated using SEM (JOEL, Model: JSM-5600, Japan.) equipped with secondary electron detector and EDX.
RESULTS AND DISCUSSION
Tobermrite synthesis and characterization
XRD pattern of tobermorite sample produced by hydrothermal curing at 175 °C for 24 h are shown in Fig. 1 . The product was pure tobermorite (JCPDS No. 01-088-1328) with no detected quartz or Ca(OH) 2 peaks. The sharp and strong basal spacing peak at 1.1 nm corresponds the diffraction of 002 planes. This peak indicated perfection in the basial spacing between silicate layers 12 . This results is in agreement with our previous study 3 . Also this may attributed to the preferred orientation along this crystal plane. The preferred orientation results from pressing the powders with plat-like morphology in XRD holder. The main differences between the current study and previous studies 3, 12 are the purity and the CaO/ SiO 2 ratio of the starting mixes.
SEM micrograph of tobermorite sample produced by hydrothermal curing for 24 h are shown in Figs. 2. Pure tobermorite (Fig. 2(a) ) exhibited small platy crystallites, which are the typical morphology tobermorite 12 . The chemical composition of the tobermorite sample was determined by EDX and is shown in Fig. 2 b. The EDX spectra show the presence of elements Ca, Si and O without impurities. Quantitative analysis of the EDX spectra showed nearly the same Ca/Si ratio (0.83) as the 
Synthesis of zeolite P
Adjusting the ratio of Si/Al in the reaction mixture prior to undergoing crystallization is the most important factor that determins the type of the end zeolite product. During preliminary trials, it was found that the Si/Al molar ratio of 3 was a critical ratio to prepare pure zeolite P. Using Si/Al ratio lower than 3, a mixture of zeolite P and amorphous silica was formed. Sodium aluminate solution was added to adjust the Si/Al ratio to 3 in the present investigation. Fig. 3 shows the XRD pattern of synthesized zeolite after purification from Ca(OH) 2 . The figure confirms that high purity of zeolite P can be prepared from the reaction mixture with proper Si/Al ratio. The XRD lines could be well indexed to the orthorhombic (Space group: Pnma) structure of zeolite P2 (JCPDS No. 01-080-0700). Na 4 Fig. 4 shows SEM micrograph and corresponding EDX spectra of the zeolite P after washing with sugar solution. The SEM micrograph clearly indicating that no plat-like tobermorite particles were present. The morphology of the sample shows irregularly shaped paricles with size from 15 to 40 ¼m. Similar morphologies with different particle sizes (about 2-6 ¼m) of zeolite P particles were reported by many investigators [28] [29] [30] . EDX spectra shows the presence of the elements O, Na, Si, and Al in the zeolite P samples and the Si/Al atomic ratio was 2.84 for the zeolite P sample obtained after washing with sugar solution.
Results of cations exchange capacities (CEC) of the synthesized tobermorite and zeolite P are shown in Table 1 . It was observed that tobermorite reveals low CEC value 0.35 meq/g. This value is very close to our pervious result [3] . Converstion of tobermorite to zeolite P increases CEC value to 3.89 meq/g. It is clear that the CEC values of zeolite P products synthesized from tobermorite was extremely high (3.79 meq/g) as compared to that of the orginal tobermorite sample (0.35 meq/g). It is also observed that the CEC values of the produced zeolite P are higher than zeolite P produced from fly ash (2.70 meq/g) 31 .
CONCLUSIONS
In this study, a clean and energy saving synthesis route was successfully applied for high purity zeolite P synthesis from low-value raw materials. Calcium silicate hydrates (tobermorite) was firstly hydrothermally prepared from quartz and calcium oxide at 175 °C for 24 h. Zeolite P have been prepared from calcium silicate hydrate phases as the silica source by employing alkali treatment at 95 °C with addition of aluminum source. Sodium hydroxide removes calcium ions from the interlayer space of tobermorite structure. Zeolite P was purified from the residue Ca(OH) 2 by washing with sugar solution. The prepared zeolites P have ion exchange capacity (CEC) comparable with the commercial product. It was found that zeolite P has relatively high CEC values as 3.79 meq/g compared to 2.70 meq/g of zeolite P produced from fly ash.
